A total of 260 New Zealand White growing rabbits were used to study the effect of diet on chemical composition of cecal contents and on production and composition of soft and hard feces. Eight diets varying in their acid detergent fiber (9.8% to 32.7%) and starch (13% to 30%) levels were evaluated. The diet affected (P < .01) all the variables studied, except dry matter (DM) and molar proportions of volatile fatty acids on cecal contents. An increase of dietary crude fiber increased crude fiber level in cecal contents (from 11.58% to 26.53%). However, a relatively lower proportion of fibrous material was found in the cecal contents when rabbits were fed the more fibrous diets. This suggests that dietary fiber has a direct influence on the efficiency of particle separation in the digestive tract. Crude protein and volatile fatty acid concentrations of cecal contents decreased (from 30.14% to 19.65% and from 47.8 to 36.7 mmol/liter, respectively) when dietary crude fiber increased. This could be related to availability of energy to cecal microorganisms. Ammonia concentration of cecal contents was not affected by dietary crude fiber. Daily production of soft feces varied from 14.98 to 29.59 g DM/d, and the contribution of soft feces to total DM and to crude protein intake ranged from 10.6% to 15.0% and from 12.8% to 20.5%, respectively; these values were the smallest and the largest for the least and the most fibrous diets, respectively. From this study we conclude that dietary fiber has a major effect on the digestive processes in the rabbit and that dietary starch level has no influence on any of the variables studied. (Key Words: Diet, Rabbits, Cecum, Coprophagy.)
I ntroduction
The digestive system of rabbits is adapted to obtain the maximum profit from diets with a high content of fibrous materials through the intake of soft feces (coprophagy). However, the value of these feeds has been reduced in recent years due to an increased addition of cereal grains to commercial rabbit diets.
No systematic studies have been performed to measure the effect of changes in chemical composition of diets on the fermentation pattern and nutritive importance of cecal digestion. Dietary fiber could have an effect on the regulation of the retention time of digesta (Laplace, 1978) as well as on the proportions and the total concentration of volatile fatty acids (VFA) in the cecum (Hoover and Heirmann, 1972; Candau et al., 1979; Champe and Maurice, 1983) .
Data concerning the effect of chemical composition of the diet on the contribution of soft feces to total N intake are inconsistent. Proto et al. (1968) estimated that this contribution in rabbits fed single feeds varies from 14% to 22%, whereas Spreadbury (1978) concluded that contribution of soft feces to total protein intake is less than 10%.
The aim of this work was to study the influence of dietary levels of fiber and starch on composition of cecal contents and on the contribution of soft feces to total nutrient intake.
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Materials and Methods

Diets. Ingredient composition and chemical
analysis of diets are summarized in Tables 1 and  2 . To study the effect of fiber level, five diets (1, 3, 4, 7, 8) .5 ; Fe, 20 ; Cu, 2.5 ; Co, .2; Se, .03 ; riboflavin, 1.25; calcium pantothenate, 4; nicotinic acid, 7.5 ; choline chloride, 25; vitamin K~, .25; vitamin E, 6; vitamin A, 3, 750 ,000 IU/kg; vitamin D3,900,000 IU/kg. minimal and maximal fiber content in rabbit fattening diets (de Bias et al., 1986) . The effect of starch was studied using diets 3 and 4 together with three other diets formulated according to the following criteria: Diet 2 had a similar percentage of ADF to diet 3, but had a lower level of barley (33% vs 43%); the ADF percentage of diets 5 and 6 was similar to that of diet 4, but the percentages of barley (43% and 53%, respectively) were higher than that of diet 4 (33%). The proportions of the other ingredients were varied in order to maintain an energy to protein ratio of 23 to 25 Kcal digestible energy/gram digestible protein (de Bias et al., 1981) and to keep the levels of essential nutrients as recommended by Lebas (1980) . A commercial vitamin-mineral supplement was added to all diets.
All diets except diet 7 were used in a previous experiment (de Blas et al., 1986) to study several quantitative aspects of digestion. Diet 7 was included in this study because of the wide range in fiber level between diet 4 (20% ADF) and diet 8 (32.7% ADF).
Digestive Measurements Trial. One hundred fifty-seven male and female New Zealand rabbits, weaned at 28 to 30 d, were used, with a minimum of 15 animals for each diet. Rabbits were allowed to consume feed ad libitum and were slaughtered when they reached 2.0 kg live weight. Thirty-three rabbits died before reaching the slaughter weight. The number of ani- Table 3 . Six animals per diet were used to determine the VFA concentration in the cecum (Table 4) . Slaughter time (1800) was chosen in order to avoid the period of soft feces excretion (Gidenne and Lebas, 1984) . The cecal content was removed manually and divided into two samples. One was used to determine DM, ash, crude protein (CP) and crude fiber (CF) contents. The other sample was centrifuged at 12,000 • g at 0 ~ C for 15 rain; the supernatant fluid was used to determine NH 3 and total and proportion of individual VFA. A solution of 3 M orthophosphoric acid plus 3 ml/1 of crotonic acid, an internal standard, was added (.2 ml/ml) to samples for VFA determination. Samples for NH 3 determination were acidified (1 ml/ml) with a solution .2 M hydrochloric acid.
Copropbagy Trial. A second group of 112 male and female New Zealand White rabbits with weights ranging from 2 to 3 kg was used. Groups of 14 animals were allotted to the different diets. After a period of 11 d of adaptation to each diet, the rabbits were housed in metabolism cages that allowed for feces and urine separation. Feed intake was recorded, and hard feces that was excreted was collected for 3 consecutive d. On the following day, the animals were weighed, and a wooden collar (25-cm diameter) was put on each animal to prevent coprophagy. The collar was placed at 0800, before rabbits began to practice coprophagy (Laplace and Lebas, 1975) and was removed 24 h later. This allowed for collection of soft feces that was excreted during the day.
ResuIts from 25 rabbits were not included in the statistical analysis related to soft feces excretion; five died during the trial and 20 were excluded because of poor adaptation to the collar. The number of animals used to determine the chemical composition of soft feces (a minimum of seven per diet) and the production and chemical composition of hard feces (a minimum of six per diet) are shown in Tables 3  and 5, Cecal VFA concentration was determined in a Cromatix-Konick (KNK-2000) gas chromatograph, with a glass column (64 mm o.d.) packed with acid-washed chromosorb s . The carrier gas was N 2 with a flow-rate of 30 ml/ min; H and air flows to the detector were 25 and 240 ml/min, respectively. Column, injector and detector temperatures were 150 ~ , 190 ~ and 190 ~ C, respectively. Cecal NH 3 was determined in the distillation unit (Kjeltec II) of a Tekator system 6 .
Statistical Analysis. Least-squares and fixedmodel procedures were used for statistical analysis (Harvey, 1975) . The residual mean square was used as the error term. A Duncan multiplerange test was used for mean separation. In all cases in which regression equations were calculated for the relationship between chemical composition of diet and either cecal contents or feces, a stepwise regression analysis was used to detect the closest relationship. A t-test was used to compare differences between mean values for the chemical composition of cecal contents and of soft feces.
Results
The type of diet affected (P < .001) the chemical composition of cecal contents and feces (Tables 3 and 5) ; however, the DM concentration of cecal contents was not affected by diet.
Crude fiber levels of cecal contents, soft feces and hard feces increased as the dietary CF increased. These relationships, obtained by stepwise regression analysis, are illustrated in Figure 1 .
Because the CP level of cecal contents could be influenced by the quantity of energy and protein reaching the cecum, a stepwise regression analysis was conducted, using as dependent variables estimates of dietary digestible energy and protein content (de Blas et al., 1984a,b) , and the parameters related to dietary fibrous and nitrogenous fractions, which are shown in Table 2 . Variations in CP content of cecal contents were more closely related to variations in dietary CF than to other dietary variables. Similarly, the CP levels of soft and hard feces were related to dietary CF. These relationships are shown in Figure 2 . b'CMeans in the same row without a common superscript letter differ (P < .05).
. Figure 2 , diets with similar CF contents but different levels of starch resulted in differences (P < .05) in the CP content of cecal contents and feces (Tables 3 and 5) .
Molar proportions of VFA in cecal contents were not affected by either the fiber or the starch levels of the diet (Table 4) . Mean values were 71.5; 5.5; 17.0; 1.6 and 4.4% for acetic, propionic, butyric, isobutyric and valeric acids, respectively. However, diet had an effect (P < .001) on the total concentrations of VFA, which were lower with diets 5 and 8 than with the other diets. (38.4; 36.7 and 47.6 mmol/liter, respectively).
Diet had an effect (P < .001) on daily feces excretion (Tables 5 and 6 ). The lowest and highest outputs of soft feces (14.98 and 29.59 g DM/d) were observed with the least and the most fibrous diets (1 and 8), respectively. Outputs from rabbits fed diets containing from 12% to 26% ADF were not different, except for diet 5, which was higher. Similar effects were found when the daily excretion of soft feces was expressed in relation to total DM and CP intakes, with excretion tending to decrease when dietary ADF level was lower than 12% A t-test was used to compare mean values for chemical composition of cecal contents and soft feces (Table 3) . A difference (P < .001) was noted in DM contents with each diet, with DM contents of soft feces averaging 40% higher than cecal contents. Ash levels of cecal contents were not different from those of soft feces with each diet. The level of CP was higher in soft feces than in cecal contents, although this difference was only significant with diets 4, 7 and 8. In contrast, the CF level was significantly lower in soft feces than in cecal contents for all the diets except diets 1, 2 and 6.
Discussion
Our results suggest that dietary fiber level has a direct influence on the efficiency of the rabbit digestive tract for the separation of particles, because a relatively lower proportion of fibrous material was found in the cecal contents when dietary CF increased. Thus, CF levels in dietary and cecal contents were similar (23.9% vs 26.5%) in the most fibrous diet, but CF level of cecal contents was higher than dietary CF level (11.6% vs 5.1%) in the diet with the lowest fiber level. The effect of dietary fiber on fiber excretion in both types of feces is in agreement with this observation and with those made by HiSrnicke and Bj~rnhag (1980) using the data of Proto et al. (1968) . Taking into account the weight of feces excreted daily (Tables 5 and 6 ), we conclude that the CF excreted in soft feces increases 3.8 times (from 1.9 to 7.3 g/d), whereas the corresponding increment for hard feces is 5.9 times (from 5.6 to 32.9 g/d) from the least to the most fibrous diets. When the fiber content of the diet increases, the entry of large amounts of CF into the cecum is avoided.
A portion of cecal contents are daily removed as soft feces. The results in Table 6 show that the values for soft feces production obtained in this work (from 15.0 to 29.6 g DM/d) were within the range reported in the literature for rabbits receiving pelleted diets (28 g/d [Spreadbury, 1978] ; 37 g DM/d, [Dietzel, 1972] cited by H~rnicke [1981] ; 10 g DM/d [Dehalle, 19791 cited by Lebas [1984] and 24.2 g DM/d [Gidenne and Lebas, 1986] ). This wide range of values may reflect the different methods used to collect soft feces, the influence of the age of rabbit (Gidenne and Lebas, 1986 ) and the influence of diet composition on soft feces production. The effect of dietary fiber level on soft feces excretion was studied by Dehalle (1981) , who found no significant relationship with dietary CF contents varying between 10.8% and 16.8%. Our results, over a similar range of CF levels (9.0% to 18.1%), showed that soft feces excretion did not vary, although the lowest and highest values were obtained with diets 1 and 8, respectively. These results are in agreement with those obtained by de Bias et al. (1986) . who studied the quantity of soft feces found intact in the stomach when rabbits received the same diets (omitting diet 7) and were slaughtered at 1800. At that time, a portion of soft feces had lost its mucosal envelope, so the absolute values are not comparable.
The soft feces production observed in the present investigation and the cecal contents of rabbits receiving the same diets (de Blas et al., 1986) were used to estimate the cecal material daily appearing as soft feces using the expression: soft feces production (g DM/(kg LBW 9 d)) cecal contents (g DM/kg LBW) The results obtained for diets 1, 2, 3, 4, 5, 6 and 8 were respectively 35, 51, 53, 70, 87, 62 and 105%. These results suggest that in diets with a fiber content lower than practical recommendations (diets 1, 2 and 3) only a relatively small proportion of cecal materials is removed each day. It is possible that an accumulation of cecal material might increase the risk of digestive disorders. However, the cecal material appeared to be almost entirely removed with diets with CF contents higher than 14%.
As a result of both effects, it appears that changes in dietary fiber level can influence the availability of substrates for microbial growth and, consequently, the CP, VFA and NH 3 concentrations in the cecal contents.
The level of dietary fiber is the variable that best explains the variation found in the CP concent-ration of cecal contents (Figure 2 ). When adjustments were made for variation in dietary fiber content, including dietary starch (up to 30%) or CP levels in the analysis did not significantly improve the equation relating CP of cecal contents and diet obtained by stepwise regression analysis. The negative influence of dietary CF on CP of cecal contents might be explained by a limitation of microbial growth due to a lower availability of energy, as occurs in pigs (Just, 1983) and ruminants (~lrskov et al., 1970) . The decrease in total VFA concentrations in cecal contents found in the diet with the highest level of fiber (Table 4) is in agreement with this hypothesis and with the results of Pote et al. (19g0) , but not with those obtained in other investigations in which the level of dietary fiber had no influence on VFA concentrations (Hoover and Heitmann, 1972; Champe and Maurice, 1983) . On the other hand, our results could explain the increase in cecal pH reported by de Bias et al. (1986) when the percentage of dietary CF was increased from 5.1% to 23.9%.
The molar proportions of VFA in cecal contents were similar to those found by other workers (Hoover and Heitmann, 1972; Chaupe and Maurice, 1983 ) and were not influenced by the CF or starch contents of the diet. The similarity of the molar proportion of VFA could imply, according to Laplace (1978) , that the effect of dietary fiber on the regulation of transit time is due more to a physical than to a chemical role, as suggested by Lanari (1975) . The absence of differences in VFA proportions with diets varying in barley content, but with the same level of fiber, seems indicative of a high digestibility of starch in the small intestine of the rabbit, at least at the end of the growing period.
Ammonia concentrations in cecal contents ranged from 4.35 to 12.16 mg NHa-N/100 ml (Table 3) . Most values were in the range of 6.5 to 8.5 mg NH3-N/100 ml. In all cases, our results are higher than those obtained by Candau et al. (1980) (about 3.5 mg NHa-N/100 ml) using a diet with a low CP level (9%), and similar to those found by Morisse et al. (1985) . Comparing our results with the minimal requirements of NH 3 for ruminal microorganisms (5 mg NH3-N/100 ml; Roffler and Satter, 1975) , it seems that the NH 3 concentrations found in the cecum when the dietary protein level is higher than 14.7% were enough to permit an adequate microbial growth. This fact could explain why consideration of dietary CP did not improve the equation obtained by stepwise regression analysis between CP level of cecal content and dietary CF.
As a whole, the present results suggest that dietary fiber plays a dominant role in the regulation of the digesta flow as well as in determining the extent of cecal microbial proliferation in the rabbit.
The variations observed in chemical composition of soft feces were a consequence of the effect of diet on cecal contents (Figures 1 and  2) . Moreover, comparison between the composition of cecal contents and soft feces showed that the CP contents of soft feces were higher than those of cecal contents. This difference was probably due to the N content of the mucosal envelope of soft feces, and was more marked with the diets that resulted in a lower level of CP in cecal contents (diets 4, 7 and 8). Similarly, the CF content of soft feces was lower than that of cecal contents. This decrease in CF content during the passage of digesta through the last segments of the digestive tract was probably due to a dilution by the mucosal envelope of soft feces. Soft feces had a higher DM percentage (30.3% to 36.8%) than cecal contents (mean = 23.13%), suggesting an absorption of water in the final segments of the gut. However, water absorption was lower than during excretion of hard feces (47.4% to 58.3% DM; see Table 5 ) implying a notable reingestion of water in soft feces (about 70 g/d in rabbits receiving diet 8).
The contribution of soft feces to total DM intake (Table 6 ) varied between 10% and 15%, but the contribution to total CP intake was higher (12.8% to 20.5%). These values are higher than those obtained by Spreadbury (1978) , but are similar to those reported by Proto et al. (1968) and suggest that coprophagy is more important with fibrous diets. However, at present, the various estimates of soft feces production do not agree sufficiently to provide a complete understanding of the contribution of coprophagy to the total nutrient intake of growing rabbits.
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